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Responding to increased climate risk

Increasing requests to assess impact of climate change.
Review of methods and guidance materials in NZ.

Specific concerns for the mining industry:

water resources, flood risk, slope stability and erosion processes

Potential mitigations

Take-away messages

Q GEOCHEM

GROUP

GREENRQAD GROUP



Impacts and evidence of climate change
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Responding to climate change

Guidance materials:
National Climate Change Risk Assessment for New Zealand, 2020.
Guide to local climate change risk assessment, 2021.

New Zealand'’s First National Adaptation plan — Adapt and Thri\/e, 2022.

i Te Kiwanatanga o Aotearoa
New Zealand Government

Urutau, ka taurikura:

Kia tu pakari a Aotearoa

i nga huringa ahuarangi
Adapt and thrive: Building a
climate-resilient New Zealand

@ Ehviro_nment

National Climate Change Risk
Assessment for New Zealand
Arotakenga Tararu mo te Huringa
Ahuarangi o Aotearoa

AOTEAROA NEW ZEALAND'S
FIRST NATIONAL ADAPTATION PLAN

Main report
Parongo Whakatopa

He kupu arahi mo te aromatawai
HYDRO I — — turaru huringa ahuarangi a-rohe

b e TR N A guide to local climate change
\ GEOCHEM i 3 A aE risk assessments
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Regional downscaling methods and strategies

Most water management decisions are taken at the regional or sub-regional scale

Flood risk and planmng User Guidance of CMIP6
Downscaled Data for Aotearoa
Stormwater and erosion management \ New Zealand
(3)] NIWA
2024
Wat er St Ora g e n eeds Prepared for Ministry for the Environment (MfE)

Water demand estimation

Landcover impacts

Mine closure planning SCI %

stochastic climate library

Climate Change Projections for
New Zealand

Atmospheric projections based on simulations
undertaken for the IPCC 5th Assessment
2nd edition

Prepared by

Sri Srikanthan
Francis Chiew
Andrew Frost
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NIWA regional climate change scenarios
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NIWA regional climate change scenarios

CMIP6 | 2041-2060 | SSP2-4.5
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National climate change projections

Changes to Number of dry days Comparison base period
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Changes to Temperature Variables

O Number of hot days (>25°C)

O Number of very hot days (=30°C)

O Number of frost days (<0°C)

O Average daily air temperature

O Average daily air temperature range

O Average daily minimum air temperature

O Average daily maximurn air temperature

O Temperature on the hottest day of the year

O Temperature on the coldest day of the year
O Average solar radiation

O Growing degree days (base 10°C)

O Growing degree days (base 5°C)

O (Building) Heating degree days (base 18°C)
O (Building) Cooling degree days (base 18°C)

Changes to Rainfall Variables

O Total rainfall

O Drought exposure (expressed as PED)
O Number of rainy days (>=1mm)

O Number of very rainy days (>25mm)
@] Heavy rainfall (99th percentile)

O Number of dry days (<1mm)

O Average relative humidity

Changes to Wind

O Average wind speed

O Number of windy days (>10m/s)
O Strong wind (99th percentile)



National climate change projections

Territorial Authaority
Buller District A

This summary provides an owendiew of how the dimate
5 progected to changes in Buller District between now
and 2099 and presents projections as a range of values
from a low emissions to a high emizsions future.
Thesze projechons are relatrve to the 1995-2014 penod
and consider a range of scenarios for future dimate
change as defined by the Intergovernmental Panel on
Climate Change (IPCCL

Climate projections summary dashboard
Ministry for the Environment

Average daily air temperature

Change compared with base period, in°C

Mumber of hot days (>25°C)
Change compared with base period, in days

Mumber of frost days (<0°C)
Change compared with base period, in days
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https://environment.govt.nz/facts-and-science/climate-change/climate-change-projections/climate-projections-summary-dashboard/
https://environment.govt.nz/facts-and-science/climate-change/climate-change-projections/climate-projections-summary-dashboard/

NIWA regional climate scenarios

Zone 4: Regional snapshot of projected climate changes and hazards
Northern South Island (Te Wai Pounamu) — covers Marlborough (from Kaikoura north), Nelson

(Whakatu) and around to Punakaiki on the West Coast. Includes Tasman, Nelson, Marlborough and
Buller District.

increasing frequency
and magnitude

days/year [*75 C).

d T E - Highestin
Marlborough valleys.

2090 Increase 5-20 more hot
days/year (25 C). Highest in
Marlborough valleys

2080: Increase 5-35 more hot

days/year [>25'C). Highest in
Marlborough/Tasman valleys.

Hazard RCP 4.5 RCP8.5 Extra information
Higher mean 2040: Annyal average air temp 3 f gl average air temp - Summer air temperature to warm
temperatures: air Eﬂaﬂﬂl h Coastal | the most; Spring air temperature the
and water seg-surtace temps to increase aCe temps to increase least.
~1"C [7%: change). ~1.3°C (9% change). - Daily maximum air temperature is
=Ralaueraee air temp | 209400 gairtemp | expected toincrease faster than
Coastal Gé increase 2-3—3.1'E-hmml overnight daily minimum
seg-surface temps to increase sea-surface temps to increase emperature.
~1.1"C (8% change). ~2.8°C (20% change). - Tasman Sea (Zones 2-3) expected to
show the largest absolute sea
temperature change: warming to
exceed 1.3°C (RCP4.5, ~2100) or 3.1°C
B (RCP8.5, ~2100).
Heatwaves: qC2040: Increase 0-15 more hot_3%]_2040: Increase 0-10 more h - Mo data available yet for Heatwaves

»25°C (3 consecutive days) or Extreme
Heatwaves >30°C (3 consecutive
days).

- 40-100% increase in hot days
(>25°C) across New Zealand (RCP4.5,
~2050).

- 40-300% increase in hot days
{»25°C) across New Zealand (RCP4.5,
~2100).




Impacts on Mmining operations

Change Risk Affected Processes Impacts Adaptation / Mitigation
: : * Disrupted schedules * Climate modelin
* Halt operations * Extraction P : . &
s .  Safety impacts * Hazard mapping
Variability * Damage assets * Transportation .
: : . . . * Recovery costs * Improved drainage
and intensity ¢ Raise hazard risk * Processing . .
: * Resource competition * Improve efficiency
of drought ¢ Pressure on WQ * Ore processing o .
: : . : e Pollution risk e Alternative sources
and flood ¢ Inundation risk * Enviro-compliance . ,
* Legal liability « Community

* Tailings management collaboration
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Closure planning consideration & climate index Understanding future climate index changes &
selection uncertainties
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Water balance model Soll erosion

(>« as
tor over T number of years:

where,

P = precipitation (in), 1 12
Q = runoff (in), R —factor t — = Z Z Ej
ET =evaporation (in), and T j=1

AS =the change in storage.

Flood risk Slope stability
F. = ¢+ (y(nD/w)z cos’ B tan @'

ayr = ;Z max{R(k) : k = 1...365} (6) yzsm [ cos [

Fs = factor of safety (dimensionless)
Where R is the daily precipitation intensity for each day k across a year, ¢" = cohesion (Cs+Cr) KNm-2
whilst T is the number of years in analysis period t. B m = water table as a proportion of soil thickness z (dimensionless)

D ¥ = unit weight of soil (bulk density of soil x 9.81) kN m”
Yw = unit weight of water (bulk density of water x 9.81) kN m>
»|PE Z = soildepth
/ B = slope angle (deg)
a @' = angle of friction (deg)




Water balance models

P=Q+ET+AS

where,

P = precipitation (in),

Q = runoff (in),

ET =evaporation (in), and
AS =the change in storage.
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Soll erosion

Rainfall ~ T
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Slope stability

7 c'+ (y— my,)z cos’ B tan ¢'
> yz sm f cos f

Fs = factor of safety (dimensionless)
¢' = cohesion (Cs+ Cr) kKNm-2
B m = water table as a proportion of soil thickness z (dimensionless)
D ¥y = unit weight of soil (bulk density of soil X 9.81) kN m>
Yw = unit weight of water (bulk density of water X 9.81) kN m’>
| PE Z = soil depth
B = slope angle (deg)
a @' = angle of friction (deg)
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Flood Risk

* High Intensity Rainfall Design System (HIRDS) "
* Recalculation of flood frequency curves

I Rain (mm)

——Max Flow (m3/s)

N
@/, NlWﬂ High Intensity Rainfall Design System V4

maximum daily flow (m?2/s)

20 |

10 |
Locat b ~ .
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1 i .
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Take-away messages

* Increased variation in climatic variability results in increased operational risks (i.e. the ability to
meet licensed discharge and abstraction compliance).

» Site-scale climate impact mitigation should be based on accurate water-balance and
characterisation of a site's current and future hydrological condition

« Mitigation strategies need to relate to management of water processes, water storage, and
evaporation losses.

« At very least should represent changes in average, wet and dry years. But preferably also at
changes in variability, duration and magnitude.
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